Background and Purpose: Accumulating evidence indicates that a variety of infections contribute to the pathogenesis of glaucoma. The role of Helicobacter pylori infection in glaucoma is controversial.
T here is increasing evidence, from both clinical and experimental observations, that inflammation plays an important role in the development of glaucoma. [1] [2] [3] [4] Some studies have suggested that Helicobacter pylori may be the etiologic agent of the inflammatory process [5] [6] [7] but the significance of such an association remains uncertain because of the conflicting findings reported by various studies. 8 H. pylori is a Gram-negative, microaerophilic bacterium. Pathologic and clinical studies have convincingly proved the etiologic role of H. pylori in the development of chronic gastritis and peptic ulcer disease. 9, 10 Epidemiologic and animal studies have also suggested that H. pylori infection is a risk factor for both diffuse and intestinal types of gastric cancer, 11 and that the severity of gastric damage and eventual clinical outcome of H. pylori infection are determined by a combination of host, genetic, and bacterial virulence factors. 12 An important virulence marker associated with duodenal ulcer disease is the cytotoxin-associated gene protein (CagA). 13 The cagA gene is one of several genes of a pathogenicity island (PAI) called the cag-PAI. Studies emphasizing on the functional importance of this island have reported higher levels of interleukin 8 production and higher grades of gastric inflammation and atrophy among H. pylori strains possessing cag-PAI than cagAnegative strains. 14 The aim of the current study was to evaluate the association of H. pylori infection and CagA seropositivity and the occurrence of glaucoma.
PATIENTS AND METHODS

Patients
Institutional ethics committee approval was obtained for this study. The participants included 51 consecutive patients (mean age 67.7 y, range: 52 to 83 y; male/female = 24/27) diagnosed as having glaucoma who were recruited from the Glaucoma Unit in the Tel-Aviv Sourasky Medical Center between January 2005 and January 2006. Examination of glaucoma patients included clinical ocular examinations including applanation tonometry (Goldmann tonometer), and gonioscopy by Goldmann 3-mirror gonioscope (Shaffer's grading), which revealed the angles of the anterior chamber. The optic disc was further evaluated with a +78 D lens, and the visual field was assessed by Humphrey's automated perimeter using the 24-2 program. Primary open angle glaucoma was diagnosed by increased intraocular pressure (IOP) (>21 mm Hg), significant and typical glaucomatous cupping of optic disc with or without peripapillary changes, and the presence of an open angle of the anterior chamber with or without abnormal perimetry. We also included patients with pseudoexfoliation glaucoma, with typical anterior segment features. Diagnosis was confirmed either by glaucomatous optic disc changes (preperimetric glaucoma), or, in some patients, additionally by typical reproducible glaucomatous visual field changes in an automated perimetry test. The study group also included individuals with normal tension glaucoma who had an IOP <22 mm Hg and who had glaucomatous cupping of the optic disc and visual field changes characteristic of primary open angle glaucoma. The control group consisted of 36 subjects (mean age 66.9 y, range: 33 to 83 y; male/female = 13/23) who were examined for cataract in our institution. No controls had a history of glaucoma and all had normal IOP. All patients gave their informed consent to participate in the study.
Serologic Assays
Eighty-seven serum samples (51 from the glaucoma patients and 36 from cataract patients) were analyzed for H. pylori and CagA seropositivity using a commercial immunoblot analysis kit (HelicoBlot 2.0; Genelabs Diagnostics, Singapore). The kit consists of Western blot membrane strips prepared by using a surface antigenenriched preparation of H. pylori. This preparation is known to contain several serologically prominent antigens of H. pylori, including the cytotoxin-associated gene-A antigen (CagA; 116 kd) and the vacuolating cytotoxin (VacA; 89 kd). The system has been reported to have a sensitivity of 92% and a specificity of 88%. 15 Prepared membrane strips were run as described in the manufacturer's directions. Sera were diluted 1:100, and a positive and negative control specimen was included with each batch of strips.
Statistics
Continuous variables between groups were compared by the t test for normally distributed values (age): otherwise, the w 2 test was applied. Correlation of glaucoma occurrence associated with H. pylori infection or CagA-positive strains was estimated by the Fisher exact test. A value of P<0.05 (2-tailed) was considered significant. All analyses were performed with SPSS 13.0 software, (SPSS Inc, Chicago, IL).
RESULTS
The demographic and clinical characteristics of both patients and controls are summarized in Table 1 . The mean age of the patients was similar to that of controls; there were proportionally more males than females in the glaucoma group. Dyspeptic symptoms in the year preceding study entry occurred similarly in both groups, whereas gastroesophageal reflux disease symptoms were slightly more common among controls than glaucoma patients.
The H. pylori and CagA status are presented in Table 2 . H. pylori was detected in 31/51 (60.8%) glaucoma patients, compared with 22/36 (61.1%) cataract (control) patients (P = NS), and 26/51 glaucoma patients (51%) and 19/36 cataract patients (52.8%) were infected by CagA-positive H. pylori strains (P = 0.674, not significant). H. pylori infection and CagA-positive strain rates were similar in all glaucoma subgroups and were not statistically different from those of cataract patients (controls) ( Table 2 ).
DISCUSSION
The results of the present study showed no association between H. pylori infection and the occurrence of glaucoma.
Since the discovery of H. pylori and its role in the pathogenesis of peptic ulcer disease, multiple publications have advocated a role for H. pylori infection in causing a variety of extraintestinal diseases. 16 These include atherosclerosis, ischemic heart disease, cerebrovascular disorders, migraine, sideropenic (refractory iron deficiency) anemia, immune thrombocytopenic purpura, and others. 17 Many of these publications are case reports or case series without adequate controls. H. pylori infection has more recently been linked to some ophthalmic disorders, including glaucoma, 5, 6 central serous chorioretinopathy, 18 uveitis and blepharitis, 19 and several theories to explain the pathogenetic mechanism underlying the observed associations have been proposed. 20 , 21 Kountouras et al 5 reported that H. pylori was detected in 88% of glaucoma cases and in 47% of controls, and that glaucoma parameters (mean IOP and mean visual field parameters) were improved in the subgroup of patients 2 years after H. pylori eradication. In contrast, Galloway et al 8 did not find a significant association between H. pylori and glaucoma. Both studies 5, 8 examined only H. pylori infection, however, and did not investigate the association between the more pathogenic CagApositive strains and glaucoma. In explaining their observation, Kountouras et al 20 point out that H. pylori infection may influence the pathophysiology of glaucoma by releasing various proinflammatory and vasoactive substances in addition to influencing an apoptotic processparameters that may also exert their own effects in the induction and/or progression of glaucomatous neuropathy. Noting that H. pylori infection and glaucoma share the Fas/FasL and the mitochondria-mediated apoptotic pathways, the authors propose an apoptotic link in the pathophysiology of both diseases, in which case a significant association between CagA-positive strains and glaucoma can be expected. Israel et al 22 demonstrated that those strains induced more notable phenotypic changes in vivo, such as higher levels of interleukin 8 production and apoptosis than CagA-negative ones. In the present study, no association was found between H. pylori infection and CagA-positive strains and glaucoma.
H pylori infection has been linked to a wide variety of nongastrointestinal tract conditions; however, the level of supporting evidence is low. The suggested pathogenic background in most cases is probably similar. Being as it is the most common chronic infection in the world, H. pylori triggers a marked local inflammatory response and a systemic immune response, altering levels of systemic inflammatory mediators. These changes in systemic inflammatory mediators could reasonably produce effects elsewhere in the body. The most investigated extraintestinal disease in this context is coronary heart disease. 23 Even in coronary heart disease, however, there is no consensus among the different studies, and recent large controlled studies have not confirmed the findings of earlier smaller ones. According to Pasceri et al, 24 meta-analyses of prospective and retrospective studies were less likely to report a significant association even with CagA-positive strains which are considered more virulent.
H. pylori infection is ubiquitous throughout the world. Glaucoma is common in the adult and the older age groups among whom H. pylori infection is very common, even in Western countries. It is, therefore, very difficult to prove a significant association between these 2 common diseases, and such findings may have resulted from chance alone. The possible explanation for the discrepancy of the present study's findings and those of Kountouras et al 5, 20 stemming from different H. pylori infection occurrence rates between Greece and Israel was dispelled by epidemiologic studies that demonstrated that both countries share similar patterns. 25, 26 In conclusion, H. pylori infection is not strongly related to the incidence of glaucoma in the late middleaged population, and CagA-positive strains seem to be no more strongly related to the disease than other strains.
